Plasmid pCIT264 from Luctococcus lactis subsp. lactis biovar diacetylactis (L. diacetylactis) contains an insertion sequence (IS&like element located in the citrate utilization (citQRP) cluster. This 967-nucleotide long element is bounded by 17 bp perfect inverted repeats and contains an open reading frame (ORFl) composed of 296 codons, which could encode a transposase. Expression of the IS from pCIT264 generates two mRNAs of 2900 and 1900 nucleotides. The transcription is driven by the P3 promoter, composed of a -10 region located at the right end of the IS and of a -35 region positioned downstream of this element. The IS-like element (IS982) is present in seven copies in the L. diacetylactis genome. The copy present in pCIT264 is highly stable and does not promote rearrangements of the tit cluster. We suggest that the stable maintenance of the IS-like element in pCIT264 could be due to a translational control of the putative transposase by an antisense RNA.
Introduction ments can also influence expression of adjacent genes
Bacterial insertion sequences (ISs) are small (800-2500 bp) compact genetic structures that are flanked by inverted repeats and generally encode their own transposition functions [ll. Bacterial KS are often discovered as a result of gene inactivation caused by an insertional event or by macrogenomic rearrangements such as adjacent deletion, inversion and co-integrate formation [l] . Moreover, these ele-by carrying outward-reading promoters [2] . These kinds of genetic elements are widely distributed in both the chromosome and the plasmid complement of lactic acid bacteria. Four families of IS elements in lactococci have been defined [3] and their copy numbers, host ranges and positions have been shown to vary widely among strains [I] . The existence of multiple copies of IS elements within the genomes of lactic acid bacteria is particularly interesting and accounts for some specific DNA rearrangements. There are many examples of such genetic recombination in lactococci, including high-frequency plasmid deletion, plasmid co-integration and the insertion and excision of DNA from the bacterial chromosome [4] . It is conceivable that this conspicuous genetic fluidity, which seems to be characteristic of lactic acid bacteria, is at least in part generated by the activities of transposable elements [4] . In a previous paper we reported that plasmid pCIT264 contains a cluster of genes (citQRP1 involved in the transport of citrate in Lactococcus lactis subsp. Zuctis biovar diacetyluctis [5] . In the course of characterization of the tit genes [5] , we observed that a DNA sequence located upstream of the first gene of the cluster had all the hallmarks of an IS-like element. In this report, we confirm the existence of this mobile element and analyse its molecular properties.
Materials and methods

Bacterial strains, growth media and plasmids
Bacterial strains and plasmids are listed in Table  1 . Escherichiu coli strains were grown in Luria Bertani broth [6] . L. lactis strains were grown in Ml7 supplemented with 0.5% glucose as previously described [7] .
DNA manipulation and amplification
Genomic DNA of L. Zuctis was isolated as described [8] , and plasmidic DNA from L. luctis was Cit+ plasmid from L. lactis biovar diacetyluctis CRL264 pCIT264 cloned into de EcoRI site of pUC18 6.6-kb EcoRI-C/u1 DNA fragment of pCIT264 cloned into the EcoRI site of pLS 1 prepared as previously described [7] . The IS-like element was amplified from plasmid pCIT264 by the polymerase chain reaction (PCR) using a 20-mer oligonucleotide primer (S-TTATAAGCTTACC-CGAATTG-3'1, which contains the left and encompasses the right inverted repeats (IR) of the element (Fig. 1) . The 5' tail of this primer was designed to provide Hind111 sites at the 5' and at the 3' end of the amplified fragment. The 1 .O-kb amplification product was cloned into the Hind111 site of pBluescript SK' vector and the resultant plasmid designed pCM22.
To analyse the occurrence and distribution of IS982, Southern blots were performed applying stringent hybridization and washing conditions [6] . The l.O-kb insert present in plasmid pCM22 was labelled with 32P by the random priming method [6] and used as a DNA probe.
RNA isolation, Northern hybridization and primer extension
Total RNA isolation from L. luctis and Northern blot analysis were performed essentially as described [7] . The probe complementary to the IS-like element ORFl mRNA was synthesized by elongation of 10 pmol of the reverse primer (5'-AACAGCTATGAC-CATG-3') with 10 U of T7 RNA polymerase at 37°C for 1 h in the presence of 50 PCi of [ ce3* P]dATP, using 2 pug of denaturated plasmid pCM22 as a template. Primer extension analysis was performed as described [5] . 1 pmol of the 20-mer oligonu- cleotide (S-GCTATTATAAGTCATATAAG-3') complementary to ORFI mRNA from nucleotides 1020 to 100 1 (coordinates in [5] ) was annealed to 15 pg of RNA obtained from L. lactis strains grown to mid-exponential phase. Primer extension was performed by incubation of the annealing mixture with 8 U of AMV reverse transcriptase at 42°C for 30 min. Size determination of the reactions products were carried out in 8% polyacrylamide gels containing 8 M urea. DNA sequence reactions used as size markers were performed by the dideoxy terminator method [6] .
Results and discussion
An IS element carried by plasmid pCIT264 is also present in the chromosome of L. diacetylactis CRL264 strain
encoding for a hypothetical protein of 296 amino acids located in opposite orientation to citQRP cluster (Fig. 1) . The amino acid sequence of ORFl is highly similar to two overlapping ORFs included in a putative IS element from Bacillus stearothermophilus [5] . Moreover, ORFl is bracketed by two identical 17-bp inverted repeats, which are flanked by 6 bp (5'-AAAATA-3') direct repeats (Fig. 1) . The characteristics of such structure in plasmid pCIT264 strongly suggest that we had identified a new mobile genetic element inserted into the citQRP cluster. This IS-like element had no homology to other previously reported lactococcal transposons [5] . However, it has recently been shown [9] that the region located between the origin of replication (ori) and the oligopeptide transport gene cluster (opp) of plasmid pSKLl1 contains a DNA sequence designated IS982, which is identical to the IS-like element present in plasmid pCIT264. Thus, hereafter we will name the IS present in pCIT264, IS982. During a transcriptional study of the citQRP clusTo assess whether IS982 was positioned in DNA ter encoded by plasmid pCIT264 from L. diacetyluclocations other than plasmid pCIT264 in strain tis CRL264, we observed that transcription starts at a CRL264. we analysed the L. diacetyluctis genome promoter located 1075 nucleotides (nt) upstream of with a labelled IS982 probe generated by PCR (for the first gene of the cluster [5] . Analysis of the DNA details, see Materials and methods). This probe hysequence directing the synthesis of this unusually bridized with several bands in Southern blots of long leader mRNA allowed us to identify ORFl EcoRI-or HindIII-digested total DNA isolated from strains CRL264, which contains plasmid pCIT264 (Fig. 2a, lanes 3 and 6) or CRL30 (a derivative of CRL264, cured of plasmid pCIT264) (Fig. 2a, lanes  2 and 5) . The Cit+ plasmid lacks Hind111 sites [lo] , thus the hybridization profile generated by HindIIIdigested DNA from CRL264 showed several strong bands, corresponding to undigested pCIT264 DNA (Fig. 2a, lane 6) . As expected, these signals were absent in the pCIT264-cured CRL30 strain (Fig. 2a,  lane 5) . Plasmid pCIT264 contains an unique EcoRI site, which is located outside the IS element [IO] . Thus, the number of hybridizations signals displayed in lanes 2 and 3 of Fig. 2a indicates the presence of at least six IS-like sequences, at different locations in the genome of the two strains analysed. Furthermore, it seems that the CRL264 strain possesses, in addition to the IS982 copy harbored by pCIT264, six copies of the element, since the DNA from the CRL30 strain (lacking the Cit+ plasmid) generated a faint band at the position of the pCIT264 linearized plasmid DNA (8.0 kb) (Fig. 2a, lane 2) .
The CRL264 strain contains pCIT264 and seven additional plasmids ranging from 5.0 to 50.0 kb [lo] . To investigate whether the IS982 is located in plasmids other than pCIT264, EcoRI-digested total plasmidic DNA from CRL264 and CRL30 were probed with the PCR-generated IS sequence. As shown in lane 1 of Fig. 2b , plasmidic DNA from strain CRL264 displays only a single hybridization band corresponding to linear pCIT264, whereas total plasmidic DNA from strain CRL30 did not show any hybridization signal (Fig. 2b, lane 2) . Thus, the overall results show that at least six IS982-like sequences are located in the chromosome of the CRL264 strain. Furthermore, IS982 is widely distributed among L. lactis, L. cremoris and L. diacetylactis strains ( [9] and our unpublished results).
IS982 does not promote rearrangements of the tit cluster in strain CRL264
The presence of IS elements may influence the structure and stability of the genome due to transpositions and DNA rearrangements. In fact, although IS elements exist as independent entities, many of them can promote transposition of non-transposable DNA or provide a substrate for homologous recombination with other copies of the insertion element [ 111. Thus, it was of interest to determine whether IS982 could promote the integration of the plasmid-borne tit cluster in the genome of strain CRL264. To this end, we used as a labelled probe a BgZII-BamHI DNA fragment isolated from plasmid pFS2 I (containing the 3' end of citR and the 5' region of citP genes) to hybridize total DNA from CRL264 and CRL30 strains. Fig. 3 shows that the probe only hybridizes to plasmid pCIT264 present in the CRL264. This result indicates that the IS did not mediate the integration of the tit cluster DNA into the genome of L. diacetylactis CRL264.
Transcriptional analysis of the DNA region containing the IS982 from pCIT264
We previously reported [5] that the DNA sequence of IS982 reveals the presence of an ORF, named ORFl, located in the opposite orientation to the citQRP cluster (Fig. 1) . The ORFl possesses a potential ribosome binding site located 12 bp upstream of the start codon for translation (ATG) and it has the potential to encode a 33.7-kDa polypeptide [5] . To investigate whether ORFl is transcribed, we analysed synthesis of IS982 mRNA by Northern blot Downloaded from https://academic.oup.com/femsle/article-abstract/136/3/289/535547 by guest on 16 September 2018 hybridization using a labelled probe encompassing the ORFI. The CRL264 strain synthesizes two mRNA transcripts of approx. 2900 and 1900 nt (Fig.  4a, lane l) , that could have a common 3'-end and a different start site (preliminary data). These transcripts appear to be encoded by the IS982 copy present in plasmid pCIT264 rather than by a chromosomal copy of the transposon, since these mRNAs were not detected in RNA preparations from the pCIT264-cured CRL30 strain (Fig. 4a, lane 2) . To confirm this assumption, we performed Northern blot analysis of total RNA from the plasmid-free MG1363 strain (Fig. 4a, lane 4) that contains only one copy of IS982 in its genome (Fig. 2, lanes 1 and 4) and from MG1363 bearing plasmid pFL4, which carries the IS982 copy from plasmid pCIT264 (Fig. 4a, lane 3) . The results obtained demonstrate that the two ORFl mRNAs are only encoded by the plasmid-borne 13982 element, since the transcripts were only detected in total RNA from MGI 363[pFL4] strain. Moreover. the results indicate that IS982 lacks a @'"-type promoter for transcription of the ORFl , and suggest that its expression only takes place when a transcriptional promoter is provided by the DNA sequence at the target site. However, our results do not rule out the possibility that when IS982 is present in monocopy, ORFl mRNA can be synthesized, since low amount of transcript could be undetectable by Northern blot hybridization.
Inspection of the DNA sequence located upstream of ORFl showed the presence of a putative promoter, designated P3 (Fig. 1) . To test whether this promoter was responsible for the transcription of ORFl, we analysed the start point of the transcripts encoded by CRL264 by primer extension. Only one extended fragment of 83 nt was revealed by this technique (Fig. 4b, lane I) . Thus, the 5' end of at least one of the transcripts is positioned in an A residue showed in Fig. 1 (coordinate 1084 in [51) . This start site of transcription corresponds to the utilization of the P3 promoter by the lactococcal RNA polymerase. Moreover, P3 seems to he a hybrid promoter created by introduc-tion of IS98.2, since it has a -35 region (TTGAtA) located downstream of the right inverted repeat of the IS982 and an appropriately spaced -10 region (gtTAAT) provided by the right end of the element (Fig. 1) . The overall results suggest that transcription of ORFl, that is very likely the transposase of 13982, could have been activated by the introduction of IS982 into the Cit+ plasmid.
Transposition is essential to the propagation and survival of ISs in a bacterial population [I] . Therefore, it would not be surprising if IS982 transposition activity was regulated not only for the element itself, but also by the generation of a functional promoter (as in the case of P3 in pCIT264) for expression of ORFl upon the insertion downstream of a ' -35 like' sequence. Furthermore, promoter P3 faces in the opposite orientation to Pl, which drives synthesis of mRNA1 ( Fig. 1) and is the main promoter responsible for transcription of the citQRP cluster [5, 12] . Moreover, mRNA1 is subjected to specific cleavage, yielding a 1 1 00-nt 5'-RNA species, and a 1900-nt 3'-RNA, which could encode the citrate permease P [5] . Although the 1 IOO-nt RNA is not translated, its half-life is very long (more than 30 min) [5] . This behavior could be explained, because this RNA is complementary to ORFl mRNA. Thus, the formation of a duplex between these two mRNAs should protect the 1 IOO-nt species from degradation, and could antagonize expression of ORFl . This proposed mechanism of translational control of the ORFl-encoded putative transposase by a potential antisense RNA could be important for the observed stability of IS982 in pCIT264. There is always the possibility that transposition events could be detrimental for the host cell, due to the fact that several copies of pCIT264 are present in CRL264, and new copies of IS982 may arise from ORFl unregulated expression from P3. Indeed, all known ISs exhibit relatively low frequencies of transposition [ 131. Therefore, a regulated expression of the transposase should be beneficial to control the transposition events and to avoid the excessive generation of new copies of IS982 into the lactococcal genome. Moreover, it seems that the presence of this IS-like element in pCIT264 provides two promoters, which turn on the expression of the citQRP cluster in E. coli and increases its levels of expression in L. lactis [ 121. Thus, this activation of gene expression mediated by IS982 in pCIT264 could contribute to increase the survival value of the IS-like element at this location.
Concluding remarks
Transcription of the putative IS982 transposase gene (designated ORFl) in pCIT264 is driven by a hybrid promoter (designated P31 composed of sequences of both IS982 and pCIT264. The heterogeneous distribution of IS982 in lactococci suggests a high degree of transpositional activity of IS982. However, this IS element is highly stable in pCIT264 and does not promote rearrangements of the tit cluster. We suggest that the stable maintenance of the IS element in pCIT264 could be due to a translational control of the putative transposase by a an antisense RNA.
